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The result of a search for magnetic charged particles at 70 GeV IPHE proton synchrotron is pre- 
sented. Using the ferromagnetic trap method the upper [i~it  of the magnetic monopole production 
cross-section in proton-nucleon collisions was found to be ff (95%) >I 1.4 × 10 -43 cm 2. 

This article is a final publication on the ex- 
perimental search for magnetic charged parti- 
cles at the 70 GeV IPHE proton synchrotron with 
the help of the "ferromagnetic trap" method. 
The preliminary result with a brief description 
of the method is given in [1], and more detailed 
main features of the experiment are presented 
in [2]. From the analysis [3] of the magnetic 
charge's behaviour in metals and ferromag- 
netics it follows that ferromagnetic foils can be 
an effective trap for magnetic monopoles, even 
in the presence of the external magnetic field 
of the accelerator (H~ 12 kG). The experiment 
was performed in two stages. In the first stage 
the monopoles produced in accelerator target 
were stored in ferromagnetic foils placed under 
the target. In the second stage the monopoles 
w e r e  ex t r ac t ed  f r o m  the f e r r o m a g n e t i c  t r aps  
with the help of a high pulsed magnet ic  f ield.  A 
nuc lea r  emuls ion  Br  2 of 400 m i c r o n  th ickness  
was used as a de tec to r .  

The p r o b l e m s  of monopole t rapping were  
cons ide red  in the paper s  [1, 2]. The s impl ic i ty  
of the t rapping sys tem p e r m i t s  us to have 100% 
eff ic iency of monopole t rapping and s i m u l t a -  
neously  to use s e v e r a l  opera t ing  t a rge t s  of the 
a c c e l e r a t o r .  The t rap  method used has no s e -  
r ious  background p r o b l e m s  and it  a l lows us to 
expose the same  f e r r o m a g n e t i c  foi ls  for  s e v e r -  
al  months.  In re fs .  [1, 2] the detect ion sys t em 

with a pulsed magnet  of ~ 220 kG was used. This  
sys tem makes  it poss ib le  to de tec t  monopoles  of 
both signs. About 35% of the exposed f e r r o m a g -  
net ic  foi ls  was subject  to the act ion of the 300 kG 
magnet ic  f ield in the new magnet  design [4]. The 
long length of this magnet  and, as  a consequence ,  
the good uniformity  of the magnet ic  f ie ld  along 
the magnet  axis  p e r m i t s  us to p lace  the f e r r o -  
magnet ic  fo i ls  at such a d is tance  f rom the de-  
t ec to r  that the monopoles  could obtain e s s e n t i a l -  
ly m o r e  energy  than in the case  when the 220 kG 
magnet  was used. In fig. 1 a s chemat i c  drawing 
of the new detect ion sys tem is shown. The f e r -  
romagne t ic  foi ls  were  placed at the edge of the 

Fig. i. 

549 



Volume 38B, number  7 P H Y S I C S  L E T T E R S  3 A p r i l  1972 

m a g n e t  a t  a d i s t a n c e  of 13 c m  f r o m  the  c e n t r e .  
A t  t he  o p p o s i t e  edge  of the  m a g n e t  two t r a n s -  
v e r s e  l a y e r s  of e m u l s i o n  80 m m  in  d i a m e t e r  
w e r e  i n s t a l l e d .  J u s t  b e h i n d  i t  w a s  the  e m u l s i o n  
c h a m b e r  of 55 x 45 x 30 m m  3. T h i s  s y s t e m  can  
on ly  d e t e c t  n e g a t i v e  m a g n e t i c  c h a r g e s .  (In r e f .  
[1] in f ig .  1 i t  w a s  s h o w n  b y  m i s t a k e  t h a t  g+ m o -  
n o p o l e s  cou ld  c o m e  in to  t he  s a m p l e . )  K n o w i n g  
the  Hz d i s t r i b u t i o n  a l o n g  the  m a g n e t  a x i s  a n d  the  
p r o p e r t i e s  of the  f e r r o m a g n e t i c  f o i l s  [3] i t  i s  
p o s s i b l e  to c a l c u l a t e  the  e n e r g i e s  w h i c h  m o n o -  
p o l e s  w i t h  c h a r g e  g=68.Se wi l l  r e a c h  on the  
26 c m  p a t h  in the  m a g n e t .  T h e s e  e n e r g i e s  w e r e  
f o u n d  to b e  21 GeV,  41 GeV and  58 G eV  f o r  e x -  
p e r i m e n t s  w i th  p e r m a l l o y  79 HM,  p e r m a l l o y  
50 H a n d  p e r m e n d u r e ,  r e s p e c t i v e l y .  T h e  m o n o -  
p o l e s  would  l o s e  t h i s  e n e r g y  in 1 -3  c m  of n u -  
c l e a r  e m u l s i o n .  T h i s  m e a n s  t h a t  t r a c k s  o f  v e r y  
h i g h  i o n i z a t i o n  (abou t  5000 t i m e s  g r e a t e r  t h a n  
t h e  i o n i z a t i o n  of a r e l a t i v i s t i c  p r o t o n )  m i g h t  b e  
o b s e r v e d  no t  on ly  i n s i d e  the  two t r a n s v e r s e  
l a y e r s  of e m u l s i o n  bu t  a l s o  i n s i d e  t h o s e  l a y e r s  
of the  e m u l s i o n  c h a m b e r  f o r  w h i c h  t he  t r a j e c -  
t o r y  of t he  m o n o p o l e s  l i e s  in  the  p l a n e  of the  
f i e l d  of v i s i o n  of t he  m i c r o s c o p e .  T o  c o v e r  the  
p o s s i b i l i t y  of a n  a n o m a l o u s  i n t e r a c t i o n  of the  
m o n o p o l e s  w i t h  the  m a t e r i a l  i t  i s  a s s u m e d  t h a t  
t he  200 - 300 kG m a g n e t i c  f i e l d  i s  no t  s u f f i c i e n t  
to  e x t r a c t  t he  m o a o p o l e s  f r o m  the  f e r r o m a g n e t i c  
f o i l s .  T h e r e f o r e  in a d d i t i o n  s o m e  of t he  e x p o s e d  
f o i l s  w e r e  p l a c e d  in a p u l s e d  m a g n e t i c  f i e l d  of 
~ 800 kG. In t h i s  e x p e r i m e n t  t he  d e t e c t o r  c o n -  
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Fig. 2. A - sea rch  for  monopoles in the e a r t h ' s  a tmo-  
sphere  [5], B - sea rch  for  monopoies in magnet ic  
oceanic mine ra l s  [6], C - sea rch  for  monopoles in lu- 
na r  m a t t e r  [7], D - exper imen t s  on the 30 GeV acce l -  

e r a t o r s  [8], E - r e su l t s  of the p re sen t  work. 

s i s t s  of two l a y e r s  of n u c l e a r  e m u l s i o n  p l a c e d  
n e a r  t he  f e r r o m a g n e t i c  f o i l s .  

In  s c a n n i n g  the  e m u l s i o n  l a y e r s  no  t r a c k s  
w e r e  found  c r o s s i n g  b o t h  t r a n s v e r s e  l a y e r s  w i th  
a n  i o n i z a t i o n  n o t i c e a b l e  g r e a t e r  t h a n  t h a t  of a 
r e l a t i v i s t i c  p r o t o n .  If f u l l  t r a n s p a r e n c y  of the  
A1 t a r g e t  n u c l e u s  i s  a s s u m e d  t he  r e s u l t  Qf t h i s  
e x p e r i m e n t  g i v e s  the  f o l l o w i n g  u p p e r  l i m i t  f o r  
t he  c r o s s - s e c t i o n  of t he  m o n o p o l e  p r o d u c t i o n  in 
the  r e a c t i 0 n p + N ~ p + N + g + + g - ;  ~(95%)--< 
1.4 x 10 -43 c m  2. T h i s  r e s u l t  i s  r e p r e s e n t e d  in 
f ig .  2 by  c u r v e  E.  If t he  t a r g e t  n u c l e u s  i s  no t  a s -  
s u m e d  to b e  t r a n s p a r e n t ,  t h e  e f f e q t i v e  n u m b e r  of 
n u c l e o n s  in the  n u c l e u s  w i l l  b e  A 2/3 = 9 and  in 
t h i s  c a s e  

(95%) --< 4 .2  x 10 -43 c m  2 . 

A s  the  f o r c e  r e t a i n i n g  the  m o n o p o l e s  on the  f e r -  
r o m a g n e t i c  s u r f a c e  d e p e n d s  l o g a r i t h m i c a l l y  on 
t he  m a g n e t i c  c h a r g e  [3],  t h i s  r e s u l t  c o v e r s  m o -  
n o p o l e s  w i th  l a r g e r  c h a r g e s .  T h e  r e s u l t s  of the  
e x p e r i m e n t  a l s o  c o v e r  d i o n e s .  

It  s h o u l d  b e  n o t e d  t h a t  i t  i s  b e t t e r  to c o n s i d e r  
(95%) not  a s  a c r o s s - s e c t i o n  f o r  m o n o p o l e  p r o -  

d u c t i o n  in g e n e r a l ,  bu t  a s  a c r o s s - s e c t i o n  f o r  
m o n o p o l e s  t h a t  a r e  f r e e  a t  a l a r g e  d i s t a n c e  f r o m  
the  p r o d u c t i o n  po in t .  

We  s h o u l d  l ike  to t h a n k  P r o f e s s o r  V. M. G a -  
l i t s k y  fo r  p a r t i c i p a t i o n  in  t he  a n a l y s i s  of the  
m o n o p o l e  i n t e r a c t i o n  w i t h  t he  m e d i u m ,  P r o f e s -  
s o r  A. A. L o g u n o v ,  A . A .  N a u m o v ,  Yu.  D. P r o -  
k o s h k i n  f o r  the  he lp  in t he  o r g a n i z a t i o n  of the  
e x p e r i m e n t  on the  a c c e l e r a t o r ,  A . A .  Zhuravlev, 
A. P.  K u r o v  and  the  s t a f f  of I P H E  and  a l s o  V . I .  
N i k i t k i n ,  A. V. T e l n o v ,  A. M. G u s c h i n ,  V . D .  R i a -  
boy ,  E . S .  B a r i n o v a ,  E .  O. S h l t a p n i k o v a ,  I. S. P i -  
s a n k o ,  V. P.  S m a k h t i n ,  V . S .  H l e s t o v  f o r  h e l p  in 
t he  e x p e r i m e n t .  
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